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Heat Integrated Distillation Column 

[0001] The invention relates to a heat integrated distillation column having separate volumes 
inside the column, which is especially suitable for distillation operations in the process industry. 
More particularly, the invention relates to such a column, wherein the volumes can be operated 
at different temperatures with improved heat exchange, thereby providing energy advantages in 

the operation. 

[0002] It is well recognized that heat integration in distillation columns is an important means 
for providing improvements in energy efficiency in the operation of distillation. However, the 
application of this technology has been impeded by factors of cost of construction and the 
difficulty of providing adequate heat exchange, especially without complicated construction of 
the column(s). 

[0003] In US-A 4,681,661 a heat integrated distillation column has been described, which 
colunm comprises a central column, and an outer, annular column around the central column. 
Thereby different regions are provided in the column, which regions can be operated at different 
pressures. Both regions are provided with conventional trays and downcomers. 

[0004] In US-A 5,783,047 a heat integrated distillation column has been described, which 
column comprises an outer shell and inside one or more tubes. Thereby different regions are 
provided in the column, which regions can be operated different pressures. However, in order to 
provided sufficient heat exchange area between the two regions in industrial large scale 
operations, several tubes of relatively small diameter have to be placed in the outer shell. Due to 
the relatively small diameter have to be placed in the outer shell. Due to the relatively small 
diameter of the tubes, the use of distillation internals inside the tubes is limited to irregular 
packing rings or structured packing. The use of trays requires a complicated construction. 

[0005] In US-A 4,234,391 a continuous distillation apparatus and method has been described, 
wherein a column has been divided into two separate semi cylindrical sections by a dividing 
wall, one section fiinctioning as stripping section and one as rectification section. It is an object 
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of the present invention to provide a heat integrated distillation column, consisting of two 
separated volumes along the length of the column, wherein sufficient heat transfer is provided 
between the volumes. It is also an object of the invention to provide for a heat integrated 
distillation column of this type, wherein trays can be used. 

[0006] This object and other objects are provided for by the column of the invention. This 
column is a heat integrated distillation column comprising a cylindrical shell having an upper 
and a lower end and at least one first inner volume and at least one second inner volume in the 
shell, being in heat exchanging contact with each other through a wall separating the volumes, 
the improvement comprising providing means having heat exchanging capacity extending 
through the said wall from said at least one first volume into said at least one second volume, 
whereby the inside of the said heat exchanging means is in open connection with the said first 
volume. Of course the heat exchange means have no connection for mass transfer to the other 
(second) volume. 

[0007] The important aspect of the column of the present invention resides in the presence of 
means for providing heat exchange, which means extend into the other volume, thereby 
providing for the possibility of heat transfer from the one volume to the other volume, resulting 
in partial condensation of vapour in the hotter (usually high pressure) section and (partial) 
evaporation of liquid in the cooler (usually low pressure) section. 

[0008] The heat integrated distillation column of the invention preferably has an enriching 
section and a stripping section, one of the volumes being the enriching section and the other 

being the stripping section. When the terms 'enriching section' and 'stripping section' are used 
herein they are also to be considered referring to the separate volumes of the column. 

[0009] The heat integrated distillation column of the invention has a construction in which the 
enriching (rectification) section (E) (portion above the feed stage) and the stripping section (S) 
(portion below the feed stage), an encountered in a conventional distillation column are separated 
from each other and disposed in parallel, and the operating pressure of the enriching section is 
made higher than that of the stripping section so that the operating temperature of the enriching 
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section becomes higher than that of the stripping section. In this configuration, if there exists a 
heat transfer surface between them, heat transfer occurs from the enriching section to the 
stripping section. In the heat integrated distillation column of the invention the heat transfer 
occurs from the enriching section to the stripping section. 

[0010] The invention can be seen in two preferred embodiments. In the first embodiment the 
heat exchange means are located in the cooler section and vapour is introduced into the heat 
exchange means from the hotter section and condenses in the heat exchange means, thereby 
giving off heat to the cooler section. The condensed vapour (liquid) is retumed to the hotter 
section. On the outside of said heat exchange means, liquid is evaporated. 

[0011] In the second embodiment the heat exchange means are located in the hotter section and 
liquid from the cooler section is passed into the heat exchange means. Said liquid is (partially) 
evaporated inside the heat exchange means and vapour (partially) condenses on the outside of the 
said heat exchange means. The vapour generated in the heat exchange means is retumed to the 
cooler section. In general it is preferred to have liquid film flow in both embodiments. 

[0012] In the heat integrated distillation column of the invention, in both of the volumes, vapour 
which enters from the lower end and goes out of the upper end comes in contact with liquid 
which enters from the upper end and flows to the lower end, on the surface of the packing or on 
the frays. At this time, the mass fransfer occurs, and hence the distillation operation is performed. 
In the heat integrated distillation column of the invention, two distillation sections, i.e., a higher- 
pressure section and a lower-pressure section are disposed in one column. 

[0013] In contrast to the conventional distillation column in which the heat input is provided by 
a reboiler, according to the heat integrated distillation column of the invention, the heat input is 
mainly provided in the whole of the striping section, with the result that the heat load on the 
reboiler can be minimized. In the conventional distillation column, the heat removal is 
performed by a condenser disposed at the top of the column. In confrast, according to the heat 
integrated distillation column of the invention, the heat removal is performed in the whole of the 
enriching section with the result that the condenser duty can be minimized. Accordingly, it is 
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possible to save a considerable amount of energy, compared with conventional distillation 
columns. 

[0014] In a heat integrated distillation column, vapour is condensed in the enriching section, and 
hence the flow rate of the vapour is decreased toward the upper portion and liquid is vaporized in 
the stripping section, so that the flow rate of the vapour is increased toward the upper portion. 
Therefore, in order to ensure that the ratio of the volume flow rate of the ascending vapour and 
the cross-sectional area of the specific volume is kept within the operating range of column 
internals irrespective of the height of the column, the volume cross-sectional area should be 
decreased when moving from the bottom to the top of the enriching section, and increased when 
moving from the bottom to the top of the stripping section. This aspect of a preferred 
embodiment of the invention has been shown in the figures, which will be discussed below. 

[0015] The column of the invention may be constructed in various ways, provided the two 
volumes are always adjacent to each other, divided by a separating wall. In practice this means 
that two possibilities are preferred. The first possibility is a column, having a concentric inner 
column. The other possibility is a column provided with a dividing wall that reaches from one 
side of the column to the other side. 

[0016] The column of invention contains means for improving vapour/liquid contact, which 
means can for example be trays, which is preferred, but also random or structured packings. It is 
not necessary to have the same system of said means for improving vapour/liquid contact in both 
volumes. 

[0017] As indicated above, preference is given to the use of trays with downcomers, as these 
provide an easy and uncomplicated way of providing vapour/liquid contact. In this embodiment 
the means for heat exchange, preferably vertical heat transfer panels, are provided in the 
downcomer, and the liquid that flows down is distributed over the surface of the panels by means 
of liquid distribution systems. 

[0018] The means having heat exchanging capacity can have the form of plates or a tubular 
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construction. The surface of the plates or tubes can be smooth or textured. In general it is 
possible to use coils, flat plates, dimple plates, finned plates or finned tubes, corrugated plates or 
other plates that enhance heat transfer. 

[0019] In general it is preferred that there are vapour-liquid disengagement means present in, in 
between, around or above the heat exchange means, to improve separation of vapour from liquid. 
Suitable means are fins, vanes, corrugated structured packing sheet, dumped packing and the 
like. 

[0020] The heat exchange means extend through the wall from the first volume into second 
volume, whereby the inside of the heat exchanging means is in open connection with the first 
volume. 

[0021] In a first embodiment of the invention, the heat exchange means are in open connection 
with the section having the highest temperature (the enriching section) and vapour enters the heat 
exchange means fi-om the enriching section and condenses inside. The heat is transferred 
through the walls into the second volume (the stripping section), where Hquid evaporates on the 
outside surface of the heat exchange means. The condensate flows back into the enriching 
section. 

[0022] In the second embodiment, the heat exchange means are in open connection with the 
section having the lowest temperature (usually the stripping section) and liquid enters the heat 
exchange means from said volume and is partially vapourised on the inner surface of the heat 
exchange means by heat transferred through the wall of the heat exchange means from the 
section having the highest temperature (the enriching section). In this section vapour condenses 
on the outside surface of the heat exchange means. The remaining liquid flows back into the 
stripping section, as well as the vapour. 

[0023] The present invention is especially suitable for use in energy intensive distillation 
operations. Examples thereof are liquid air distillation and the various separations in the 
petrochemical industry, such as ethane/ethylene separation, propane/propylene separation. 
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butane/isobutene separation, air separation, distillation to break azeotropes and the like. 

[0024] An important aspect in the invention is the difference in operating pressure between the 
two volumes. In order to obtain such difference means have to be present to increase the 
pressure of the vapour stream going from one volume to the other volume (such as a blower or a 
compressor). The pressure in the enriching (or rectification) section will be higher than the 
pressure in the striping section. In general the ratio of the pressures will not be much higher than 
that required theoretically to obtain sufficient amount of vaporization of the liquid in the 
stripping section. In general this ratio will not exceed 2. 

[0025] The invention will now be elucidated on the basis of a number of figures, wherein 
preferred embodiments of the invention will be described. These figures are not intended as 
limiting the scope of the invention. 

Description of Figures 

[0026] Figure 1 shows a top view of a tray in a concentric column according to an embodiment 

of the invention, which column has been fitted with trays and downcomers, 

[0027] Figure 2 shows a vertical cross-section of the column depicted in Figure 1, along the line 

A-A, 

[0028] Figure 3 shows a top view of a tray below that depicted in Figure 1, 
[0029] Figure 4 shows a vertical cross-section along the line B-B in Fig. 3, 
[0030] Figure 5 shows a possible configuration of the liquid distribution system in a three- 
dimensional drawing, 

[0031] Figures 6A-6D show a possible assembly of heat transfer panels, 

[0032] Figure 7 shows a top view of a column of the invention based on a flat wall dividing the 

column into two volumes, 

[0033] Figure 8 shows a cross section of the divided wall column, 

[0034] Figures 9 and 10 show the ratio of the cross sectional areas of stripping and enriching 
sections varjdng with the volume of vapour along the height of the column. 
[0035] Figure 1 1 shows a vertical cross-section of a coliimn according to a further embodiment 
of the invention, 
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[0036] Figure 12 shows various cross-sections of heat exchange means suitable for use in the 
embodiment of figure 11, and 

[0037] Figure 13 shows an enlarged cross-section of heat exchange means of figure 12. 
Detailed description of Figures 

[0038] Generally speaking, pursuant to these various embodiments, a heat integrated distillation 
column 5 is provided for use in the distillation process. The heat integrated distillation columns 
have a first and a second inner volume within the column such that the two volumes operate at 
different temperatures while being in heat exchanging contact with one another through a 
dividing wall. 

[0039] These and other benefits may become clearer upon making a thorough review and study 
of the drawings along with the following detailed description. Referring now to the drawings, 
and in particular to Figure 1, which shows a top view of a tray 10a, 20a. in addition. Figure 2 
shows a vertical cross section of a part of the column 5 according to one embodiment of the 
invention, wherein the heat exchange means 1 1 are in open connection with the volume of the 
highest temperature. The cross section shows four (4) trays 10a, 10b, 10c, lOd in the inner 
column 100 and 4 trays 20a, 20b, 20c, 20d in the annular outer column 200. The top view of 
Fig. 1 illustrates tray 10a, 20a and Fig. 2 shows the cross section along line A-A as indicated in 
Fig. 1 . The trays can be either sieve trays or any other type used in industrial distillation such as 
valve trays, bubble cap trays, or tunnel trays. The distillation column 5 also includes 
downcomers 12. The dashed lines on the top view of Fig. 1 show the downcomers 12' 
positioned above the tray, whereas the solid lines illustrate downcomers 12a that are positioned 
through tray 10a. 

[0040] Tray 'a' of the inner column 100 is of ordinary cross flow design and provided with 
rectangular downcomer pipes. The arrows 16 indicate the direction of the liquid flowing over 
the tray. The liquid exiting the downcomers 12' from the tray above enters tray 10a on the right- 
hand side, flows over the tray and is then collected in the downcomers 12a on the left-hand side. 

[0041] In this example, the trays 20 in the outer annular coliunn 200, illustrated in Fig. 2, are 
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provided with four downcomers 22 in which the heat transfer panels 24 are mounted. The liquid 
exiting a downcomer 22 from the tray 20 located above that tray 20 splits up at the outlet into 
two equal portions each entering the active area of the tray 20. The arrows 16 indicate the 
direction of the liquid flow over the tray 20. At the end of the active area section, the liquid is 
collected in main troughs 40, which are positioned above the downcomers 22. As shown in Fig. 
5, the troughs 40 are provided with side channels 42 that enable the distribution of the liquid over 
the heat transfer panels. 

[0042] The cross section view of Fig. 2 along line A-A of Fig. 1 shows the position of the trays 
20 and the heat transfer panels 24. The top 30 of the heat transfer panels 24 is connected via one 
or more tubes 32 to the vapour space of the inner column 100. At the bottom 34, the heat 
transfer panels 24 are provided with a tube 36 for drainage of the condensate to the tray 10 of the 
inner column 100. 

[0043] Figure 3 shows a top view of tray 10b, 20b that is located directly below tray 10a, 20a; 
Figure 4 illustrates the cross section of Fig. 3 along line B-B. The position of the downcomers 
22 in the outer column 200 has been rotated over an angle of 45° with respect to the tray 20 
above. In another embodiment, the trays 20 of the annular column 200 are provided with 2 
downcomers such that the rotation angle will be 90°; and further in case of 6 downcomers, the 
rotation angle will be 30°. 

[0044] Turning now to Figure 5, a three-dimensional drawing illustrates a possible configuration 
of the liquid distribution system 400 placed above the heat transfer panels 24 in the downcomers 
22 of the stripping section. The liquid flows via the main troughs 40 into the side channels 42. 
In the walls 94 of the side channels 42, holes 46 are provided to distribute the liquid over the heat 
transfer panels 24. At the outside of channel walls the holes are covered with splash plates to 
ensure a film flow of liquid over the heat transfer panels. For this reason, the splash plates 
extend over the top of the heat transfer panels. At the end of the channels weirs are provided to 
maintain a constant liquid level. Excessive liquid is discharged over these weirs. 

[0045] In Figures 6a-6d, an illustrative assembly of heat transfer panels 24 is shown. In this 
example, the assembly consists of six parallel panels 24. The panels 24 are preferably 
constructed of corrugated sheets oriented in the vertical direction. Other constructions like coils, 
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flat plates, dimple plates, finned plates or other plates that enhance heat transfer are possible too. 
Figure 6d shows that the corrugations in the panel 24 produce vertical channels 52. At the top, 
the channels 52 are connected to a vapour inlet channel 54. The six vapour inlet channels 54 are 
connected to a header with two vapour inlets 56. In a similar way, the condensate is drained into 
the inner column 100 at the bottom of the panels 24 via liquid outlet channels 58 connected to a 
liquid collection header 60. 

[0046] In another illustrative embodiment, distillation volume 15 is divided into two volumes 
1100, 1200 by dividing wall 70. Figure 7 shows a top view of a tray 110a, 120a of column 15 
and Figure 8 shows a cross section of a column 15 having a wall 70 dividing the two volumes 
1 100, 1200. In these figures the same features are shown as in the Figures 1-4. 

[0047] Figures 9-10 schematically illustrates that the ratio of the cross sectional areas of the 
stripping and enriching sections varies with the amount of vapour along the height of the column. 
This has been shown for two possible constructions; however, other constructions are 
contemplated. In Figure 9, like the embodiment of Figs. 7 and 8, a single cylindrical shell 
column is separated by a dividing wall 270 on each tray 210, 220 such that two semi cylindrical 
volumes 2100, 2200 are created. The cross sectional areas of both the enriching and stripping 
sections are changed stepwise. Figure 10 shows the stepwise cross sectional area variation for a 
concentric column embodiment similar to the embodiment of Figs. 1 and 2. Elements shown in 
Figiire 10 that correspond to elements of Figure 9 are referenced with the same reference 
numeral, followed by a '. For example, the dividing wall in Figure 10 is denoted 270'. 

[0048] Turning now to Figure 11, another embodiment illustrates a vertical cross-section of a 
distillation column 35 wherein the heat exchange means 311 are located in the central (enriching) 
section 3100 and are in open connection with the annular (stripping) section 3200. As can be 
seen, liquid enters the tubular means from a tray and flows down, preferably as a film, inside the 
tube. Part of the liquid evaporates inside the means and rises. The vapour flows from the top of 
the heat exchange means 11 into the annular section 3200, whereby said means may have a 
liquid-gas disengagement means to provide a proper gas-liquid separation. The remaining liquid 
that is not evaporated flows back into the stripping section 3200 fi-om the bottom of the heat 
exchange means 1 1 . 
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[0049] Figures 12A-12E and 13 show various fragmentary and cross- sectional views an 
illustrative heat exchange means 311 for the embodiment described in relation to Figure 11. In 
the Figures, reference numerals 380, 382 and 384 indicate the various connections of the heat 
exchange means 311 with the annular section 3200. Connector 380 is the pathway through 
which the unvaporised liquid flows back into the annular section 3200, connector 382 is the 
liquid entry and connector 384 is the vapour removal pathway. Element 386 is a possible form 
of vapour-liquid disengagement means. 

Example 

[0050] A column in accordance with the construction of Figures 1-5, having heat transfer panels 
24 and downcomers 22 along with the constructional details outlined below in Table 1. Such a 
construction may be used for distillation of propane and propylene. The overall heat fransfer 
coefficient is approximately 700 W/m^K and the heat fransfer area per fray is around 10.5 m^. 



Table 1 

Diameter outer column 2.5 m 

Diameter inner column 1 .2 m 

Tray spacing 0.5 m 

Length heat exchange panels 0.55 m 

Height panels 0.4 m 

Heat fransfer area per panel 0.44 m^ 

Number of panels per fray 24 



Number of panels per downcomer 6 

[0051] Alternatively, for a similar column as that described above, except employing tubes as a 
heat exchange device, the corresponding dimensions may be as follows. 
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Table 2 

Length tubes (hairpins) 0.5 m 

Diameter tubes (external) 20 mm 

Pitch (rectangular) 30 mm 

Tubes per downcomer 84 
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